Background: Primary care physicians in Japan see many patients in a given day; consequently, they find it challenging to devote sufficient time for detailed clinical consultation and evaluation of asthma control status. The aim of this study was to investigate asthma symptoms that reveal the presence of inadequately controlled asthma. Methods: A pooled analysis of baseline data from 100 patients with asthma treated with inhaled corticosteroid(s) (ICS) alone or ICS/long-acting beta-agonist who participated in three previous clinical trials was performed. Asthma control status and asthmatic symptoms were determined using a five-item Asthma Control Questionnaire, and whether asthmatic symptoms reflect clinical markers was investigated. Results: Nocturnal awakening owing to asthmatic symptoms was observed only in the uncontrolled asthma group. Patient-reported wheezing was not observed in the group with well-controlled asthma, but was observed in all patients in the uncontrolled asthma group. Virtually all patients, irrespective of asthma control status, reported symptoms in the morning, limitation of normal daily activities, and shortness of breath. Conclusions: The presence of nocturnal awakening due to asthma and wheezing likely reflected uncontrolled asthma. These results will lead to re-recognition that clinical interview, querying nocturnal awakening from asthma and wheezing is a simple and useful approach to assess asthma control status in a primary care setting.
Introduction
The Japanese Guidelines for Adult Asthma (JGL) and the Global Initiative for Asthma (GINA) guidelines recommend appropriate treatment based on an accurate assessment of asthma severity and control status, which are reflected by symptoms and respiratory function, to achieve current control and reduce future risk [1] [2] . However, in reality, many patients with asthma do not achieve good asthma control even with long-term medications [3] . In addition, many patients regard their asthma as somewhat controlled despite the presence of asthma symptoms [4] ; moreover, some asthma symptoms may not be reported to physicians. Therefore, it is conceivable that asthma control status in many patients is not accurate.
Several tests, including assessment of lung function(s), small-airway dysfunction and airway inflammation, are recommended for determining asthma control status [1] [2] . However, specific tests, such as spirometry, are insufficiently used in clinical practice to assess asthma control [5] . A more convenient tool for a general physician to assess a patient's control status is a questionnaire such as the Asthma Control Questionnaire (ACQ). Each item in the ACQ is assessed on a seven-point scale, with the mean score of the seven items representing asthma control status [6] [7] . The utility of the five-item ACQ (ACQ5), which comprises the five most typical symptoms of asthma, has also been established [7] . However, even simple questionnaires are less frequently used in clinical practice in Japan because primary care physicians usually treat a large number of patients in a given day, which results in short consultation times [8] . Therefore, a less cumbersome, more time-efficient method of assessing asthma control status is required.
In the present exploratory study, we used baseline data from patients who participated in three previous clinical studies [9] [10] [11] , to evaluate the asthma symptoms that should, at least, be confirmed to assess asthma control status within a short-duration consultation in a real-world clinical setting. In addition, we investigated whether these symptoms reflected asthma pathology including airway inflammation and small airway dysfunction(s).
Methods

Subjects
A pooled analysis of 100 patients with asthma, who participated in three previous randomized clinical trials [9] [10] [11] , was performed. The present and these previous studies were conducted at Hiroshima Allergy and Respiratory Clinic (Hiroshima, Japan) in accordance with the principles of the Declaration of Helsinki, and was approved by the Ethical Review Board of the Hiroshima Allergy and Respiratory Clinic. All subjects provided written informed consent before participating in these studies.
Inclusion and exclusion criteria have been described previously [9] [10] [11] .
Briefly, outpatients (aged ≥ 20 years) diagnosed with asthma were included if Open Journal of Respiratory Diseases their baseline fraction of exhaled nitric oxide (FeNO) was >35 ppb, if they had no history of smoking, if they did not have any respiratory infection in the previous 8 weeks, and if they underwent previous treatment for at least 12 or 10 consecutive weeks with medium-dose inhaled corticosteroid (ICS) alone, or a combination of ICS and long-acting beta-agonist (LABA).
Measurements
Asthma control status was determined according to ACQ5 score (≤0. 75 Asthma symptom scores were determined according to ratings on a 7-point scale (0 -6; higher is worse) for each of the items in the ACQ5 (1) nocturnal awakening by asthma; 2) symptoms in the morning; 3) limitation of normal daily activities; 4) shortness of breath; and 5) wheezing) and assessed in each asthma con- was used as the cutoff value of risk for a rapid annual decline in FEV 1 [12] ; percentages of patients with FeNO ≥ 40 ppb in each asthma symptom score category were also evaluated. Each measurement was assessed as described previously 
Statistical Analysis
The data used in the present study were baseline measurements (week 0) from each trial. The results are presented as mean values. Differences were compared using analysis of variance, chi-square test, Fisher's exact test, and Student's t-test. A p-value <0.05 was considered to be statistically significant. Table 1 summarizes the background data from all 100 patients (overall), which included 40 patients from a trial reported in 2011 [9] , 30 from a trial reported in 2014 [10] , and 30 from a trial reported in 2016 [11] . The overall mean values were as follows: ACQ5 score, 1.20; FeNO, 43.7 ppb; R5-20, 0.993 kPa/L/s; Fres, 14.846 Hz; AX, 0.509 kPa/L; and % FEV 1 , 91.53%. On comparing patient background data, significant differences were observed in body mass index (BMI), ACQ5 score, and Fres between the groups.
Results
Comparison of Patient Background Data
Asthma Symptoms Determined from ACQ5 Item Scores
Comparisons of ACQ5 items among the groups with well-controlled, partly controlled, and uncontrolled asthma, as determined by the ACQ5 score, revealed significantly high values for each symptom item in the group with uncontrolled Open Journal of Respiratory Diseases asthma (p < 0.001) (Figure 1 ). Evaluation of the symptom score distribution revealed that nocturnal awakening from asthma symptoms in a week was observed in 9 patients in the group with uncontrolled asthma (Figure 2 ). Symptoms in the morning, limitation of normal daily activities, and shortness of breath were severe in many patients in the group with uncontrolled asthma. In addition, these symptoms were also observed in nearly all patients in the group with well-controlled asthma ( Figure 2 ).
The scores for wheezing were high in many patients in the group with uncontrolled asthma, whereas wheezing was not observed in any of the patients in the group with well-controlled asthma (Figure 2 ).
Relationships between Asthma Symptoms and FeNO
A comparison of FeNO levels according to asthma control status, as determined by the ACQ5 score, revealed that FeNO levels were lower in the group with well-controlled asthma than in the groups with partly controlled and well-controlled, partly-controlled, and uncontrolled, respectively). p-values were determined using Fisher's exact test.
uncontrolled asthma (39.13 ppb, 44.29 ppb, and 45.06 ppb, respectively; p < 0.001) ( Table 2) . A comparison of FeNO levels according to scores for each Open Journal of Respiratory Diseases symptom item revealed higher FeNO levels in the groups with higher scores for nocturnal awakening from asthma, symptoms in the morning, limitation of normal daily activities, and shortness of breath; however, no significant difference was observed between the high-score and low-score groups for wheezing (Table 3 ). In the high-score groups for symptoms in the morning, limitation of normal daily activities, and shortness of breath, a significantly high percentage of patients exhibited FeNO levels ≥ 40 ppb; in the high-score groups for nocturnal awakening and wheezing, the percentage of patients with FeNO levels ≥ 40 ppb was numerically higher (Figure 3 ).
Relationships between Asthma Symptoms and IOS Parameters
Comparison of IOS parameters, based on asthma control status, revealed significantly low values of Fres and AX in the well-controlled asthma group, but no significant difference was observed for R5-20 (Table 2) . A comparison of the IOS parameters according to scores for each symptom revealed that R5-20 was significantly higher in the groups with higher scores for nocturnal awakening from asthma, symptoms in the morning, and limitation of normal daily activities. Moreover, Fres was significantly high in the groups with higher scores for all symptoms (Table 3 ). In addition, AX was significantly higher in the groups with higher scores for symptoms in the morning, limitation of normal daily activities, and shortness of breath (Table 3) .
Relationship between Asthma Symptoms and Spirometry Parameters
No significant differences were observed in % FEV 1 among the groups with wellcontrolled asthma (94.69%), partly controlled asthma (91.97%), and uncontrolled asthma (89.46%) ( Table 2 ). According to scores for each symptom item, % FEV 1 was significantly lower in the group with a higher score for symptoms in the morning and limitation of normal daily activities (Table 3) . Comparisons of the % FEV 1 among patients who reported wheezing scores of 0 (94.88%), 1 (90.83%), and ≥2 (90.22%) revealed a significant difference (p = 0.049).
Discussion
Using baseline data, this exploratory study analyzed 100 patients who participated in three previous clinical trials. Although all of the subjects had undergone previous treatment with a medium dose of ICS or with a combination of ICS and Open Journal of Respiratory Diseases LABA for ≥10 weeks, their asthma control was not uniform as determined by the ACQ5 score. Confirmation of the subjects' asthma symptoms based on the asthma control status revealed that nocturnal awakening from asthma occurred in patients with uncontrolled asthma alone, while subjects who exhibited subjective wheezing were labeled to potentially have inadequately controlled asthma.
Therefore, to avoid underestimation of asthma control status in a primary care setting, clinical efforts at least to confirm whether patients with asthma have nocturnal awakening from asthma symptoms and wheezing are required to identify inadequately controlled asthma.
Asthma symptoms are known to be prone to exacerbation from night to early morning [13] . In the present study, patients who experienced nocturnal awakening from asthma demonstrated significantly high FeNO levels, indicating potential aggravation of eosinophilic airway inflammation. In patients with asthma who experienced nocturnal awakening, the number of eosinophils in the peripheral airways has been reported to be increased at night [14] . In the present study, FeNO values of all patients with nocturnal awaking were ≥40 ppb, a level which has been reported to be a risk factor for rapid annual decline in FEV 1 [12] , which may in turn require suitable anti-inflammatory therapy. In assessments of severity and control level of asthma in the JGL and GINA guidelines, the pres- When such patients do not demonstrate problems with inhalation technique or medication adherence, and have a confirmed diagnosis of asthma and adequately managed comorbidities, asthma treatment by appropriate treatment steps will be required.
An analysis of the wheezing scores revealed that all patients in the group with well-controlled asthma reported a score of 0, whereas all patients in the group with uncontrolled asthma reported a score ≥ 2; in the group with partly controlled asthma, scores between 0 and 2 were observed. These results may suggest that the wheezing score reflects asthma control status as determined by the ACQ5 score. The wheezing symptoms assessed by the ACQ are reported by the patient and, may therefore, represent wheezing during resting expiration rather than forced expiration. Wheezing during resting expiration is considered to be a more severe symptom than that during forced expiration [16] ; thus, if the patient is found to have wheezing in a clinical interview, which is assumed that asthma is inadequately controlled, the treatment strategy would be re-evaluated. The respiratory reactance indicators Fres and AX are considered to primarily reflect the elastic properties of the respiratory system [17] , and are associated with small-airway dysfunction in asthma [18] ; however, the clinical significance Open Journal of Respiratory Diseases of Fres and AX remains unclear. Both Fres and AX were high, not only in the groups with inadequately controlled asthma, but also in the high-score groups for limitation of normal daily activities and shortness of breath, which are exercise-induced symptoms. In addition to nocturnal asthma and ACQ score, exercise-induced asthma may be associated with small-airway dysfunction, which is related to exacerbation risk [18] [19] . Despite the importance of improving small airway dysfunction, it is difficult to assess in a primary care setting. Thus, if these symptoms are confirmed, considering the possibility of hidden small-airway dysfunction in these patients would be recommended to manage asthma and minimize future risk.
Because well-controlled asthma judged by the ACQ5 was related to GINA assessment of asthma control [6] , patients who exhibit symptoms can be assessed as being well-controlled if those symptoms occur less than twice in a week [2] , although this does not imply total control. In fact, in the present study, nearly all patients assessed to have well-controlled asthma based on ACQ5 score demonstrated mild symptoms in the morning, limitation of normal daily activities, and shortness of breath. Such patients were included in the trial that was reported in 2011 [9] . In that trial, changing the treatment in the same treatment step yielded significant improvements in ACQ5 scores, IOS parameters and FeNO levels, and these improvements were correlated with one another. Even if symptoms are mild, clinical efforts to achieve total control involving not only confirmation of asthma management following the guidelines [1] [2], but also considering a change in the medications-even in the same treatment step-are important.
One limitation of the present study was that spirometry and other tests were conducted at our clinic and, thus, the test values may have reflected a stable asthma status. However, asthma is characterized by variable airway narrowing and, during the manifestation of asthma symptoms detected by questionnaires, such as ACQ5, the airway is thought to undergo narrowing, leading to a decline in lung function(s); thus, a greater degree of caution may be necessary, especially in patients who exhibit symptomatic asthma.
Moreover, subjects in the present study were individuals included in clinical trials; thus, it is conceivable that the characteristics of the patient population were affected by the trials' inclusion and exclusion criteria. Before inclusion in the trials that formed the basis of the present study, the patients were assessed to ensure good adherence, based on their entries in asthma diaries. Based on treatment content and asthma control status, it is conceivable that this study may have included many patients with moderate persistent asthma; however, only those who exhibited an FeNO level > 35 ppb were included [9] [10] [11] . Patients in whom treatment before randomization improved airway inflammation were not included in our analysis. Further study in real-world clinical settings is preferable.
Conclusion
This exploratory study indicated that, in asthma treatment in a primary care set-Open Journal of Respiratory Diseases ting, a patient's asthma control status can be extrapolated from confirming nocturnal awakening from asthma and self-reported wheezing. Confirming these symptoms may be an easy and useful approach to assess asthma control status by primary care physicians who have some difficulties in assessing several parameters, including airway inflammation and small-airway dysfunction, in routine practice. One possible technique to confirm nocturnal awakening from asthma and subjective wheezing with avoiding underestimation is the instruction to the patients to record or, at least remember, whether they experience these symptoms before their next visit. Other symptoms should also be confirmed whenever possible. When these asthma symptoms are observed, as recommended by the asthma guidelines [1] [2], it is recommended to confirm the diagnosis of asthma, inhalation technique and medication adherence, manage comorbidities (e.g., allergic rhinitis, sinusitis, and gastroesophageal reflux disease), and confirm/exclude potential risk factors (e.g., viral infections, weather, psychological stress, and dust). If asthma symptoms persist, even after these interventions, adjustment of pharmacological treatment should be considered necessary. In a primary care
setting, confirming at least nocturnal awakening from asthma and subjective wheezing would be meaningful, and thus required, to assess not only current asthma control status, but also future exacerbation risk.
